Introduction
Major operational problems associated with two lane two-way roads are passing delays due to speed differences between fast and slow moving vehicles and turning delays. Road sections with comfortable horizontal and vertical alignments and with low traffic volumes present less operational difficulties. But in reality this situation exists seldom. Geographic conditions of different zones do not permit smooth vertical and horizontal alignments. Particularly Sri Lanka has a very challenging geography where road designers have to work within many constraints.
Furthermore, ribbon development along Highways, social problems, political influences etc. make the road design task more complex.
There are distinct needs of motorists, for instance trips are generated by needs arising from office transport, public transport, goods transport, recreational activities etc. Different, purposes need different types and sizes of vehicles to be used in roads. The main causes for operational problems are the diversified needs of drivers, a variety of vehicle types moving on the road and the constraints in the road geometry.
In two lane two way highways speed differences are greater due to several factors.
They are, presence of heavy vehicles in the main traffic stream, local traffic, road geometry, driver characteristics etc. Higher the speed differences in vehicles in two lane highways, higher the demand for passing. When there is an imbalance between supply and demand for overtaking, driver frustration occurs. Platoon build up would be common when the headway vehicle is slow and in the absence of passing opportunities. As flow increases platoons get longer and slower. Generally, it is accepted that a driver can tolerate no more than 3 minutes following a platoon before getting in to frustration.
Consequences of driver frustration cause serious safety problems, where drivers take dangerous manoeuvres leading to crashes. Therefore, designing two lane roads should not only be limited to traditional geometric design criteria, but also should consider safe passing opportunities.
There are several countermeasures that can be applied to improve passing opportunities in two lane two-way roads. They are, namely, passing lanes, climbing lanes, turnouts, shoulder driving, shoulder used sections, short four lane sections, turning improvements for intersections, localised realignments, signs and markings etc. Road designers need to carefully evaluate the specific requirements of a road segment before deciding the most suitable application.
Counter measures described in this paper are not meant only for new roads but also for existing two lane two-way highways. These solutions could be applied on existing roads in order to improve operational problems. These are widely being adopted in existing rural state highways in New Zealand and other developed countries.
Implementation of such improvements is undertaken where justified by cost benefit analyses.
Economic growth of a nation is underpinned by the existence of robust infrastructure asset systems. Transport infrastructure assets have a major share in supporting economic growth. Land transport systems in developed economies have balanced the access function and mobility function in their road net works.
Sri Lankan authorities have seemingly recognized that there is a greater mismatch in mobility function and the access function of our road network to cater for development strategies. As a result, major intercity expressways and ring road projects are underway. Some of them are already in the construction stage and a few are still in the planning or design stage. The author believes the discussion of the subject is timely as engineers need to articulate to different operational problems in two lane two-way highways.
Operational Issues

Operational Characteristics of Two Lane Highways
The unique operational characteristic of two lane two way highways is that overtaking is only possible when there is a gap in the opposing traffic lane. Therefore, unlike in multilane roads, the flow in one direction of a two lane two way highway influences the flow in the opposing direction. When the volume increases the passing demand increases rapidly while the gaps in the opposing traffic lane decline and thus reduce the passing capacity. • lane width equal to or grater than 3.6m;
Level of Service
• clear shoulder wider than 1.8m;
• no 'no passing 7 zones;
• all passenger cars;
• no impediments to through traffic; and
• level terrain.
Studies have shown that at higher speeds, when drivers observe objects closer to the road edge they tend to slow down their vehicles. In addition, drivers show a propensity to shy away from the road side object when they are driving fast. The minimum distance from the road edge to a road side object that has no effect to motorists is termed as slit/line offset [ As shown in Figure 5 
Climbing Lanes
The principal difference between a climbing lane and a passing lane is that the former is located on a long and steep uphill grade 
Shoulder Driving
Shoulder driving is another low cost option, which improves passing opportunities. This is applicable only in very low traffic conditions. The concept behind shoulder driving is, slow moving vehicles move on to paved shoulder to allow for passing of faster vehicles. This can be considered as an extended turnout. Shoulder driving applications vary depending on the policy requirements of different controlling authorities. Shoulder driving is becoming increasingly popular in Texas, Alberta and Sweden [8] . Substantial improvements can be achieved by allowing shoulder driving while reducing accidents and safety problems.
In the Sri Lankan context narrow shoulders can be utilised for trishaw travelling. Three wheel taxis have become a popular transport mode among the general public in our country. However the adverse impact on the efficiency of transport network in terms of slow speeds and horrific manoeuvres is overwhelming. Reasonably narrow shoulders can be used for trishaws to mitigate this problem.
Shoulder driving requires disciplining undesirable driver behaviours particularly against other shoulder users.
Localised Realignments
Localised realignments address the operational and safety problems associated with specific curve locations rather than a segment of a road. Most of the severe injury accidents in rural two lane highways are caused by visibility problems in curves.
Ancient roads followed an evolutionary path from horse tracks to cart tracks, then to gravel roads and finally to paved carriageways catering for the whole gamut of vehicular traffic. In this evolutionary process much of the considerations have been diverted for upgrading from one stage to the other within the funding constraints, without planning ahead. Therefore it is evident that a significant portion of rural roads do not satisfy design standards that are applied to new roads.
Localised realignments are mainly aiming at improved visibility of the problem location. These are considered in sharp horizontal curves, reverse horizontal curves, crest and sag vertical curves and any combination. In addition realignments need to address specific turning paths of long vehicles like log hauling trucks and stability of heavy vehicles against sliding and overturning. Localised realignments shall not be considered in isolation of road needs. It is very important to consider the interaction of such improvements with the surrounding environment and social issues. Adaptability of the proposed design must be thoroughly checked with the existing features such as;
• providing access to road side properties;
• relocation of underground service appurtenances (need extensive site investigations);
• storm water drainage;
• effects on livelihood of the residents;
• effects on the cultivation in the area;
• environment protection, marine lives; and
• hydrological studies and impediments on upstream settlements and cultivations;
Designers must have a holistic approach rather than the technical needs of the road alone. Effects on all the factors must be translated into cost terms and the implementation of improvement must be driven by a benefit cost analysis. Technical viability and economic feasibility are key factors that must be considered in making any decision.
Above all, community consultation must be a major link in any alteration of status quo. Sad to say, our design practices overlook this aspect and pay little or no consideration for community consultation during the design stage, leaving surprises to take place at the construction stage. 
6.' Turning Improvements
New Zealand Experience and the Effectiveness
For the success of safety and traffic operation, design of proper road infrastructure alone will not be sufficient. Implementation of traffic regulations should equally take place. In this respect, functions of Land Transport Safety Authority (LTSA) are immense. LTSA is mainly focussing on the regulation of driver behaviour. More emphasis is given to the regulatory aspect rather than physical characteristics of roads. LTSA is mainly dealing with:
• promoting improvements in the road environment;
• ensuring compliance with safety standards;
• providing safety information and advice and fostering education programmes;
• conducting regular reviews of both rail and road systems;
• investigating and reviewing land transport accidents and incidents; and
• creating and managing information databases on road user charges, vehicle licensing and registration, driver licensing[6].
These functions are being carried out with a greater responsibility, operations are monitored regularly and corrective actions are in place. This is evident from the monthly news bulletin "road safety", where focus is mainly on disciplining drivers in the areas of high speed driving, alcohol consumption, log truck driver behaviour, holiday season driving, school children safety etc.
Crash Statistics
Reduction in road accidents is a good indicator of the effectiveness of countermeasures. By implementing safety measures over the last 10 to 15 years New Zealand has achieved substantial improvement in road safety. But there is still more to achieve in reduction of injury accidents. Table 3 shows the reported road accident deaths in Sri Lanka from 1996 to 2000. It is interesting to note that the annual road deaths per 10,000 vehicles was dropping from 2.3 to 1.3 in the last 9 years in New Zealand whereas in Sri Lanka it was settling around 12.5.
Conclusion
Major operational problems associated with two lane two-way roads are speed differences between fast and slow moving vehicles and turning delays 
